We present a catalog of 908 objects observed with the Large Sky Area MultiObject Fiber Spectroscopic Telescope (LAMOST) in the vicinity fields of M31 and M33, targeted as globular clusters (GCs) and candidates. The targets include known GCs and candidates selected from the literature, as well as new candidates selected from the Sloan Digital Sky Survey (SDSS). Analysis shows that 356 of them are likely GCs of various degree of confidence, while the remaining ones turn out to be background galaxies and quasars, stars and H II regions in M31 or foreground Galactic stars. The 356 likely GCs include 298 bona fide GCs and 26 candidates known in the literature. Three candidates selected from the Revised Bologna Catalog of M31 GCs and candidates (RBC) and one possible cluster from Johnson et al. are confirmed to be bona fide clusters. We search for new GCs in the halo of the M31 amongst the new candidates selected from the SDSS photometry. Based on radial velocities yielded by LAMSOT spectra and visual examination of the SDSS images, we find 28 objects, 5 bona fide and 23 likely GCs. Amongst the five bona fide GCs, three have been recently discovered independently by others, the remaining 25 are our new identifications, including two bona fide ones. The new identified objects fall at projected distances ranging from 13 to 265 kpc from M31. Of the two newly discovered bona fide GCs, one is located near M33, probably a GC belonging to M33. The other bona fide GC falls on the Giant Stream with a projected distance of 78 kpc from M31. Of the 23 newly identified likely GCs, one has a projected distance of about 265 kpc from M31 and could be an intergalactic cluster.
INTRODUCTION
fective light-collecting aperture of about 4 m and a field of view of 5˝in diameter. It is equipped with 4,000 robotic fibers and thus can record spectra of up to 4000 celestial objects simultaneously. After a two-year commissioning phase and one-year Pilot Surveys, the LAMOST Regular Surveys began in October, 2012 . The large number of fibers in a wide field of view makes LAMOST an ideal facility to carry out a systematic spectroscopic survey of known GCs and candidates in M31 and M33, and, at the same, to search and identify new ones. Since the early phase of LAMOST operation, as parts of the LAMOST Spectroscopic Survey of the Galactic Anti-center (LSS-GAC; Liu et al. 2014; Yuan et al. 2015) , we have use the LAMOST to carry out a systematic spectroscopic campaign of GCs and candidates in the vicinity fields of M31 and M33. In addition to GCs and candidates, other interesting objects targeted in this area include planetary nebulae (PNe) and background quasars, as well as H ii regions and supergiants in M31 and M33. Some of the early results from this campaign have published, see Yuan et al. (2010) for planetary nebulae and Huo et al. (2010 Huo et al. ( , 2013 for background quasars. For GCs, our purpose is two-fold -to build up a large, systematic spectroscopic dataset for GCs and candidates in this sky area, and to search for new ones. In this paper, we will present our first effort of searching for GCs in the outer halo of M31, using the LSS-GAC data accumulated hitherto. Our GC candidates are selected from the SDSS photometric data. In this paper, we will also present a catalog of all GCs and candidates targeted by LAMOST hitherto near M31 and M33. Detailed kinematic and chemical analysis of this large sample of GCs and candidates will be presented in separated papers (Chen et al. 2015, in preparation) .
This paper proceeds as follows. In Section2 we describe our target selection. A brief description of the observation and data reduction is presented in Section3. In Section4 we introduce our strategy used to identify new GCs. We present and discuss the results in Section5. Finally a summary is given in Section6.
TARGET SELECTION
As part of the LSS-GAC, objects targeted in the M31 and M33 region include several classes of objects reachable by LAMOST at the distance of M 31 (about 770 kpc), such as GCs, PNe, H II regions and supergiants and background quasar. For a given plate, spare fibers are filled with foreground Galactic stars (Yuan et al., 2015) . We hereby introduce the GC target selection of LSS-GAC. The objects are primarily selected from two sources, existing M31 GCs and candidates, and new candidates selected from the SDSS photometric catalogs. In this paper, we refer to all the targets selected from the literature as the 'Literature sample' and all those selected from the SDSS photometry as the 'SDSS sample'. For all types of targets included in target input catalogs of LSS-GAC, GC targets are almost always assigned the highest priority (prior = 2).
Revised Bologna Catalog of M31 GCs and candidates
To collect all known GCs and candidates in M31, we choose RBC 2 (Galleti et al., 2004) as our starting point. RBC is a main repository for information of the M31 GC systems. It is a compilation of previously published catalogs. The catalog lists all the confirmed GCs (classes 1 and 8 ) and candidates (classes 2 and 3) at the time that the original catalog was published, and also all the objects that were originally identified as GC candidates and then subsequently recognised not to be genuine clusters, such as H II regions (class 5), background galaxies (class 4) or foreground stars (class 6). The identities of these contaminants are retained in the RBC in order to avoid their re-discoveries as M31 GCs. Before the start of each observational season (in September usually), all published newly discovered GCs in the M 31 and M 33 area are added to the input source catalogs of LSS-GAC for the preparation of observational plates.
Fig. 1 Upper panel:
Differences of i-band PSF and model magnitudes plotted against the iband model magnitude for SDSS sources of the M31 stripes; Lower panel: g´r versus r´i color-color diagram of the same sources. In both panels, the red and blue pluses are respectively known GCs and GC candidates from Peacock et al. (2010) . The pink lines delineate the area of potential candidates (see text). The cyan dots in the lower panel denote our final selected GC candidates.
New Candidates selected from the SDSS photometry
The Sloan Digital Sky Survey (SDSS; York et al. 2000) has observed a large sky area around M31. The SDSS photometric catalogs provide us the possibility of selecting interesting sources such as GC candidates in the vicinity fields of M31 and M33. Our target selections were based on the SDSS Data Release 8 (DR8; Aihara et al. 2011) . The sky coverage of SDSS is incomplete around the area of M31. This unfortunately limits the extent of region of our target selections. The GC candidates are selected via the following steps.
1. The SDSS criteria for star-galaxy separation perform well, at a reliability level better than 90% up to r = 21.6 mag. The performance however degrades at fainter magnitudes (Abazajian et al., 2003) . The absolute magnitudes M V of GCs range between´10.5 ă M V ă´3.5 mag (Huxor et al., 2008). Assuming a distance of 770 kpc for M31 (Caldwell et al., 2011) , the apparent magnitudes of GCs in M31 in SDSS i-band range between 13.5 ă i ă 19.0 mag. We discard all point sources and select GC candidates only from objects classified as non-stellar by SDSS. As GCs are red objects, the SDSS i-band magnitudes are used to apply an apparent magnitude cut for GC candidates. Considering the limiting magnitude of LSS-GAC survey (Yuan et al., 2015) , the magnitude cut is set at 14.5 ă i ă 18.0 mag. 2. The GC sample of Peacock et al. (2010) is used to help create the following GC selection criteria.
The sample contains 571 confirmed GCs and 373 GC candidates. The catalog is cross-matched with the SDSS photometric catalogs for extended objects (galaxies), with a matching radius of 3 2 . This yields a test sample of 83 genuine GCs and 127 GC candidates with SDSS photometry. The differences between the i-band point spread function (PSF) magnitudes (i psf ) and model magnitudes (i model ) are used to exclude point sources, such as the foreground stars, as well as those very extended sources, such as the background galaxies and dwarf galaxies. The upper panel of Fig. 1 plots values of i psf´imodel versus i model for all SDSS non-stellar objects around the area of M31. The confirmed GCs and candidates from Peacock et al. (2010) are overplotted. Most of the confirmed GCs fall in the range 0.2 ă i psf´imodel ă 1.5 mag. This is adopted as our second selection criterion of GC candidates. Only three confirmed GCs have i psf´imodel values smaller than but close to 0.5 mag. We set the lower limit of i psf´imodel to 0.2 mag, in order to include as many GC candidates as possible. 3. GCs have relatively narrow color ranges (Peacock et al., 2010) . Thus a color cut can also help to separate GCs from galaxies and stars. Only colors g´r and r´i are used, given the better signalto-noise ratios (SNRs) of SDSS photometry g-, r-and i-bands than in u-and z-bands. A color-color diagram of all SDSS sources, the selected candidates, together with the known GCs and candidates from Peacock et al. (2010) is presented in the lower panel of Fig. 1 . Most of the known GCs are located in a small area in the color-color diagram, except for a few outliers. Based on this plot, we have therefore defined the following color cuts for selecting GC candidates, 0.75 ă pg´rq`1.25pr´iq ă 1.26 maǵ 0.08 ă pr´iq´0.53pg´rq ă 0.01 mag
In the current work, we only adopt the above color cuts to objects fainter than an i magnitude of 16.0 mag, considering that few background galaxies can reach an apparent i magnitude of brighter than 16.0 mag.
We obtain a sample of 3,585 candidates from the criteria above in the vicinity fields of M31 and M33. They are overplotted as cyan points in the bottom panel of Fig. 1 . The sample is cross-matching with the existing catalogs such as RBC. Duplicates are discarded. Finally, 3,280 candidates remain. Together with GCs and candidates known in the literature, a total of more than 6,000 GC targets are included in the input catalogs of LSS-GAC. We are aware that the sample is likely to contain many contaminants, such as background galaxies and quasars. We have adopted a relatively loose set of selection criteria, taking advantage the top spectral collection rate of LAMOST.
OBSERVATIONS AND DATA REDUCTION
Following a two-year commissioning phase, the LAMOST Pilot Surveys were initiated in October 2011 and completed in June 2012. The Regular Surveys, expected to last five years, were initiated in October 2012. In the current work we present results based on data collected by LAMOST in the 2011, 2012 and 2013 observational seasons, i.e. from the Pilot Survey and the first two years of the Regular Surveys. Being a quasi-meridian reflecting Schmidt telescope, LAMOST only observes a given field of plate between 2 h before and after the transit. The M31 and M33 area p0 ă RA ă 30˝, 25 ă Dec. ă 50˝q are targeted by LAMOST from September to January of the next year in a given observational season, which starts in September and ends in June of the following year. The plates are observed in nights of dark or grey lunar conditions. Typically 2-3 exposures are obtained for each plate, with an integration time per exposure varying, depending on the weather conditions, between 600-1200 s, 1200-1800 s and 1800-2400 s for bright (B), median (M) and faint (F) plates, respectively. Some observing nights reserved to monitor the telescope performance are also used to observe M31 and M33 plates. For most plates, the seeing varies between 3 -4 arcsec, with a typical value of about 3.5 arcsec (Yuan et al., 2015) .
LAMOST has a field of view (FoV) of 5˝in diameter. There are 16 low-resolution spectrographs, each accommodating 250 auto-positioning fibers. The parking positions of fibers evenly distributed in the focal plane, except for a few regions reserved for guiding cameras and the central Shack-Hartmann sensor. Each fiber has a diameter of 3.3 arcsec projected on the sky. LAMOST is implemented with slit masks of width 2/3 the fiber diameter, i.e. 2.2 arcsec, yielding a spectral resolving power of about R " 1800. The spectra cover a wavelength range of 3700-9000 Å. The light entering each spectrograph (Xiang et al., 2015b) . A red line denoting complete equality is overplotted to guide the eyes. Right panel: Histogram distribution of newly derived radial velocities for the same set of objects. The means and standard deviations of Gaussians overplotted are taken from Galleti et al. (2006) . is dispersed and recorded in two arms, covering 3700 -5900 Å and 5700 -9000Å in the blue and in the red, respectively. In each arm of a given spectrograph, a 4096ˆ4096 CCD, with a squared pixel size of 12 µm, is used to record the light signal (Cui et al., 2012) . One CCD pixel corresponds to about 0.56 Å and 0.82 Å in the blue and in the red, respectively.
We give a summary of the observations of GC targets observed by LAMOST in the M31 and M33 area in Table 1 . By June 2014, a total of 131 plates with GC targets have been collected, yielding 4,758 spectra of 1,991 unique GC. Most of the spectra (3292) were observed in the 2011 observational season, while 601 and 865 spectra were collected in the 2012 and 2013 seasons, respectively. About 42.2, 25.1, 12.0, 7.9, 4.9, 4.0 and 2.3 per cent objects were targeted by 1 to 7 times, respectively. There are 1958, 1095 and 465 spectra having SNRp4750 Åq greater than 5, 10 and 20 per pixel, respectively. As GCs are red objects, the SNRs are better in the red than in the blue. This is reflected in the fact that there are 3101, 2398 and 1488 spectra that have SNRp7450 Åq greater than 5, 10 and 20 per pixel, respectively. Fig.2 plots the spatial distribution in the ξ -η plane of all GC targets observed by LAMOST by June 2014 in the vicinity fields of M31 and M33 (located at ξ " 11˝.3, η "´10˝.1 on this map). Here ξ and η are respectively the offsets in Right Ascension and Declination relative to the optical center of M31 (RA=00 h 42 m 44.30 s ; Dec=`41˝16 1 09.0 1 1; from Huchra et al. 1991; Perrett et al. 2002) . The green ellipse in Fig. 2 represents the optical disk of M31, with an optical radius R 25 = 95
1 .3 (de Vaucouleurs et al., 1991) , an inclination angle i = 77˝and a position angle P.A. = 38˝ (Kent, 1989) . Candidates of the SDSS Sample are mostly located in the outer halos of M31 and M33 , while those of the Literature Sample fall mostly near the disk and inner halo of M31.
All the spectra were first processed with the LAMOST 2-D pipeline (Version 2.6, Luo A.-L., et al. 2015) , including steps of bias subtraction, cosmic-ray removal, 1D spectral extraction, flat-fielding, wavelength calibration, and sky subtraction. he blue-and red-arm spectra are processed separately in the 2D pipeline and then joined together after flux calibration, which is carried out using a pipeline specifically designed for the LSS-GAC survey (Xiang et al., 2015a) . No scaling or shifting is performed in cases where the blue-and red-arm spectra are not at the same flux level in the overlapping region, as it is unclear whether the misalignment is caused by poor flat-fielding or sky subtraction, or both. Note that in the current implementation of flux-calibration of Xiang et al. (2015a) , the telluric absorp-tions, including the prominent Fraunhofer A band at 7590 Å and B band at 6867 Å have not been removed. Finally, for objects that have been observed for multiple times in different plates, spectra of lower SNRp4750 Åq are scaled by low order polynomials to match continuum level of the spectrum of highest SNRp4750 Åq and then combined all together, with each spectrum weighted by the inverse square of errors.
For stars observed in the LSS-GAC, stellar parameters deduced from the spectra with the LAMOST Stellar Parameter Pipeline (LASP, Luo A.-L., et al. 2015) , including radial velocities and basic stellar atmospheric parameters (T eff , logg and [Fe/H]), are available from the LAMOST DR1 (Luo A.-L., et al., 2015) . A separate pipeline, the LAMOST Stellar Parameter Pipeline at Peking University (LSP3; Xiang et al. 2015b) , has been developed at Peking University to determine the radial velocities and values of T eff , log g and [Fe/H]. The LSP3 determines the stellar atmospheric parameters by spectral template matching with the MILES empirical spectral library (Sánchez-Blázquez et al., 2006; Falcón-Barroso et al., 2011) , instead of the ELODIE library (Prugniel & Soubiran, 2001; Prugniel et al., 2007) used by the LAMOST default pipeline. The LSP3 is applied to all spectra having a SNRp4750 Åq ą 2.76 per pixel, including GC targets of interest here. The LSP3 however treats the GC spectra as of stars.
For our GC targets, we have thus derived their radial velocities, as well as the ages and metallicities by comparing the observed spectra with those of SSP models (Chen et al. 2015, in prep.) , using the public code ULySS 3 (University of Lyon Spectroscopic analysis Software; Koleva et al. 2009 ).
ULySS is an open-source software package used to study the stellar populations of galaxies star clusters, as well as to derive the atmospheric parameters of stars. It performs spectral fitting with a linear combination of nonlinear components, convolved with a line-of-sight velocity distribution and multiplied by a polynomial continuum. For likely GC candidates in our sample, we use the routines to fit the spectra and determine the target properties. SSP models computed with the MILES library (Vazdekis et al., 2010 ) are adopted. The MILES spectra cover the wavelength range 3540-7400 Å at a resolution of 2.5 ÅFWHM. Only spectra having a SNRp4750 Åq ą 5 or SNRp7450 Åq ą 10 per pixel are analyzed. Spectra that have a large number of bad pixels (ą 1/3 of the total) are also excluded. This leaves us with 908 unique objects in our sample. The radial velocities are derived if they fall in the range´2000 ă V r ă 2000 km s´1. Background galaxies, typically having a radial velocity V r ą 5000 km s´1, are first excluded by visually examination before fitting the observed spectra with models.
By internal tests using multiple observations of duplicate objects and external tests using common targets with previous studies in the literature, we conclude that for GC targets with SNRp4750 Åq ą 5, the derived radial velocities have achieved an accuracy of better than 12 km s´1 (Chen et al. 2015, in prep.) . In the left panel of Fig. 3 , we compare our newly derived radial velocities with those delivered by the LSP3 (Xiang et al., 2015b) for all the non-galaxy objects that have SNRp4750 Åq ą 5. They are in very good agreement, with a marginal system offset and scatter of V r´Vr,LSP3 "´5˘6 km s´1. A histogram distribution of the newly derived radial velocities for the same set of objects is presented in the right panel of Fig. 3 . A double two Gaussian distribution, with one peak at around 30 km s´1representing the MW foreground stars, and another around´300 km s´1 for M31 objects, is clearly visible. Also overplotted are two Gaussians, with the parameters taken from Galleti et al. (2006) . The first Gaussian has a mean µ "´301.0 km s´1 and a standard deviation σ = 160.0 km s´1 for the M31 GCs, and the second one has a mean µ "´29.0 km s´1 and a standard deviation σ = 42.6 km s´1 for the MW foreground stars. The sum of the two Gaussian functions fit nicely the velocity distribution. The Figure shows that there is a large number of foreground MW stars contaminating the sample.
THE GC IDENTIFYING
Some of our targets that are clearly not GCs objects can be readily singled out based on the spectra obtained. There are 15 objects in our sample whose spectra display strong TiO bands typical of M-type
Fig. 4
Example LAMOST spectra of targets classified as non-GC objects, as well as that of a known GC. From top to bottom, the Figure plots, respectively, the LAMOST spectra of a known GC, a quasar, a galaxy, an H II region, a white-dwarf-main-sequence binary and an M-type main-sequence star. For each spectrum, the object type and coordinates (RA and Dec. in degree) are labelled. stars. One target shows a composite spectrum, a blue component of a white dwarf and a red component of an M dwarf, i.e. this is a white-dwarf-main-sequence binary. These targets will be classified as stars in our catalog. There are 8 objects displaying strong and broad emission lines characteristic of quasars, and are classified as quasars. Example spectra of those classified as non-GC objects are presented in Fig. 4 .
In addition to the aforementioned contaminants of special spectral characterises, there are two other main groups of contaminants. One is the background galaxies and the other the foreground Galactic stars. With the information of radial velocities, we can easily identify the background galaxies since they generally have very large positive radial velocities, in contrast to negative velocities of a mean around´301 km s´1 and a dispersion about 160 km s´1 (Galleti et al. 2006 ; see also the right panel of Fig. 3) for GCs of M31. Amongst our SDSS Sample targets, we find 218 background galaxies. Identifying foreground MW stars is more difficult. For this purpose, the information of radial velocities is first used. For a disk galaxy such as M31, the radial velocity V r can be approximated by V r " V 0`V pRq sinξ cosθ (Rubin & Ford, 1970) , where V 0 is the systemic radial velocity, ξ is the angle between the line of sight and the norm of the galaxy disk plane, VpRq is the rotational velocity in the plane at a radius R. cosθ = X{R, where X is the position along the major axis. If we assume the rotation curve has a constant velocity, VpRq " const., then there is a linear relation between V r and object position. Drout et al. (2009) present a relation to calculate the expected radial velocity V exp , based on a least-squares linear regression to the radial velocity measurements of H II regions in M31,
We collect known GCs in M31 that have radial velocities measured in the literature: RBC V5 (Galleti et al., 2006 , and references there within), Caldwell et al. (2009) and Veljanoski et al. (2014) . Radial velocities of 663 known M31 GCs are collected. These GCs cover a wide spatial distribution, with positions along the major axis spanning´85 ă X ă 102 kpc and along the minor axis ranginǵ 118 ă Y ă 122 kpc. The linear relation between X{R and V exp given by Eq. (1) works well for these known GCs.
For the foreground Galactic stars, the Besançon model (Robin et al., 2003) is used to simulate the velocity distribution of Galactic stars in a 5ˆ5 sq.deg. region around M31. We plot the differences between the observed radial velocities of all the known M31 GCs and the expected velocities given by Eq. (1) in Fig. 5 . Also overplotted are the differences between the modelled radial velocities of foreground Galactic stars and those given by Eq. (1). All the M31 GCs fall along the line of zero differences (V r´Vexp " 0 km s´1), while all the simulated foreground Galactic stars locate along a line of radial velocity V r " 0 km s´1. Lines delineating 3σ scatters of velocity differences for both M31 GCs and simulated Galactic stars are also plotted in Fig. 5 . Essentially all the Galactic stars fall above the straight line of V r "´150 km s´1 , except for a few (ă 2 per cent) that have a radial velocity less than´150 km s´1. Candidates in our sample that have a radial velocity V r ă´150 km s´1thus have a high probability of being genuine GCs in M31. The same criterion is used by Galleti et al. (2006) to classify bona fide GCs. Also overplotted in Fig. 5 is the criterion adopted by Drout et al. (2009) to select M31 stars from the Galactic foreground stars. The two criteria are almost identical. Only five (1 per cent) M 31 GCs fall above the line of V r´Vexp ą 350 km s´1 in Fig. 5 , approximately the 3σ upper limit for the known M31 GCs. We classify all candidates in our sample that have a radial velocity V r´Vexp ą 350 km s´1as foreground Galactic stars. For sample targets of V r ą 150.0 km s´1 but V r´Vexp ă 350 km s´1, the probabilities of the targets being foreground Galactic stars cannot be neglected. These objects are therefore classified as possible GC candidates in the current work.
The above criteria for classifying candidates are then applied to all targets in our sample, excluding those that have been classified as background quasars, galaxies or objects of special spectral characteristics, as described above. . We calculate the differences V r´Vexp for the remaining objects in our sample and plot the differences against V exp in Fig.6 . The boundaries separating highly confident GC candidates, possible GC candidates and stars are also overplotted. The classification leads us a list of 5 new M31 GC candidates and 352 possible candidates from the SDSS Sample, in addition to those from the Literature Sample.
A method similar to that used by di Tullio Zinn & Zinn (2013) is then applied to search for genuine GCs amongst the 5 candidates and 352 possible candidates from the SDSS Sample of targets. We visually examine the SDSS images to search for morphological evidence of clusters, using the cutout images retrieved from the SDSS website 4 . Some objects are found to be clearly not clusters and are most likely binaries, stars or background galaxy pairs. For some objects, the SDSS r-band images were retrieved for a more detailed inspection. We adopt the classification scheme of di Tullio Zinn & Zinn (2013). The objects are classified as GCs and candidates by the same criteria as category 1 for GCs and categories 2 and 3 for candidate clusters, respectively. A large number of the candidates cannot be reliably classified given the relatively poor resolution of SDSS images. They are denoted as unknown objects in our catalog. Finally, we are left with 5 GCs, 23 candidate clusters and 277 unknown objects.
Using the criteria described above, for the original 553 GC targets selected from the SDSS photometry, we are left with 1. 5 M31 GCs of V r ă 150.0 km s´1or V r ą 150.0 km s´1 but V r´Vexp ă 350 km s´1, with supporting morphological evidence; 2. 23 M31 GC candidates of V r ą 150.0 km s´1 but V r´Vexp ă 350 km s´1, with supporting morphological evidence; 3. 218 background galaxies of large radial velocities; 4. 22 stars of V r´Vexp ą 350 km s´1, with supporting morphological evidence or spectra information of being stars; 5. 8 quasars with strong broad emission lines; 6. 277 unknown objects of V r ą 150.0 km s´1 but V r´Vexp ă 350 km s´1, with no clear morphological evidence and spectra information for a proper classification.
RESULT AND DISCUSSION

Newly discovered GCs in the halo of M31
The positions and radial velocities of the resulted 5 GCs from the SDSS Sample are listed in Table 2 . Two are new discoveries, the other three are recently discovered independently by di Tullio Zinn & Zinn (2014, LAMOST-4) and Huxor et al. (2014, LAMOST-3 and 5) . LAMOST-3 and LAMOST-5 have been spectroscopically observed recently by Veljanoski et al. (2014) . The radial velocities derived by Veljanoski et al. (2014) are consistent with our measurements. For LAMOST-1, 2 and 4, no spectroscopic observations have been published yet. Also listed in Table 2 are their SDSS colors and magnitudes, g´r, r´i and i, based on the model magnitudes yielded by the SDSS photometric pipeline. The differences between the i-band PSF and model magnitudes for all objects are also listed in the Table. From values of the foreground extinction as given by the extinction map of Schlafly et al. (2014) for the M 31 and M 33 vicinity fields, and a distance of 770 kpc to M31 as given by Caldwell et al. (2011) , we estimate the absolute V-band magnitude of these objects 5 . With M V ă´6 mag, they appear to be brighter than the average of M31 GCs, which is probably caused by the relatively bright magnitude limit adopted by us when selecting the SDSS Sample of GC candidates. The LAMOST spectra of the five GCs are plotted in Fig. 7 . Only the spectral range, 4000-5400 Å, used to calculate the radial velocities is shown (Chen et al., in prep.) . Also overplotted are the best-fit SSP model spectra. Most spectra have a good SNR and the model spectra fit the observations nicely. The spectrum of LAMOST-4 has a relatively low SNR, yet the correlation between the observed and model spectra remains to be good. The spectra differ from object to object, indicating their different properties. However, they all have a relatively weaker Mg I (5176.7 Å) feature, suggesting that they are all very old GCs. GCs of lower metallicities generally have stronger Balmer lines (Vazdekis et al., 2010) . Based on this, it seems that LAMOST-5 is a very metal-poor GC, while LAMOST-1 is metal rich. Fig. 8 displays the SDSS r-band images of the five objects. They all exhibit morphological appearance unambiguous for typical M31 GCs. Table 3 lists the 23 newly discovered candidate clusters from the SDSS Sample. They all have radial velocities and spectral types compatible with being M31 GCs. Their morphologies also look like M31 GCs rather than stars or galaxies. Unfortunately, the SDSS image quality of those objects are not good enough to make a firm conclusion. To confirm whether they are GCs, images of better resolution are preferred. The radial velocities of these new GC candidates range between´224 and 8 km s´1. In Table 3 we also list their metallicities yielded by the LSP3 (Xiang et al., 2015b) for reference. Note that the LSP3 treats all objects as stars. If these objects are indeed stars, then the LSP3 results show that most of them are relatively metal-rich, with a metallicity [Fe/H] " 0 dex, suggesting that they are unlikely to be foreground MW halo stars. This is another indirect indication that they are probably M31 GCs. Some of them are quite extended, such as LAMOST-C14, C17 and C23. Thus it is possible that some of them could be ultra-compact dwarf galaxies.
In Fig. 9 we present the radial velocity and spatial distributions of these newly confirmed M31 GCs and candidates. In the upper panel, previously known GCs from RBC (Galleti et al., 2006) , Caldwell et al. (2009) and Veljanoski et al. (2014) are also overplotted, along the H I rotation curve from Carignan et al. (2006) . The new objects spread over a wide area around M31 and M33, especially south of M31, where by definition, X, the projected distance along the major axis of M31 is negative, X ă 0 kpc. Two candidates, LAMOST-C15 and LAMOST-C21, have a projected distance X close tó 150 kpc. Six objects fall at relatively small projected distances to the center of M31, 13 ă R p ă 30 kpc. They fit much better the rotation curve than the more remote ones of R p ą 30 kpc. Most of the new remote GCs and candidates at large projected distances show almost no correlation with the M31 rotation, as for those known M31 halo GCs, suggesting that they are possibly accreted ones. The newly confirmed GC, LAMOST-1, falls on the Giant Stream and LAMOST-4 on G1 Clump. Two candidates, LAMOST-C13 and C23 locate in the Eastern Cloud. LAMOST-7 and C11 lie in the North-East Structure, while LAMOST-C10 and C14 in Stream D. Interestingly, LAMOST-C14 appears look like an ultra-compact dwarf galaxy morphologically, possibly the remnant of an accreted and tidally disrupted dwarf galaxy. Table 2 . The observed and best-model spectra are plotted in black and blue, respectively. The plots are labelled with the LAMOST names of the objects.
These objects thus provide good opportunity study the assemblage history of M31 halo (Chen et al. in prep.).
LAMOST-2 falls in the halo region of M33 (see the lower panel of Fig. 9 ), together with 6 GC candidates. These objects have radial velocities ranging from´175 to 0 km s´1, close to the M33 system radial velocity of´179.2 km s´1 (McConnachie, 2012) . In particular, LAMOST-2, the GC closest to M33, has a radial velocity of´175 km s´1. They could thus be GCs belonging to M33. LAMOST-1 is the most distant confirmed GC from M31 in our sample, except for those possibly belonging to M33. It has a projected distance from M31 of R p " 78 kpc. LAMOST-C15, C17 and C21 have very large distances from both M31 and M33. They are possibly intergalactic GCs. 
Fig. 9 Upper panel:
Radial velocities plotted against the major axis distances for previously confirmed M31 GCs (blue dots), newly identified GC candidates (black dots) and genuine GCs (red dots). The pink line is the H I rotation curve from Carignan et al. (2006) . V r,M31 is the line-of-sight velocity in the Andromeda-centric reference system. Lower panel: Spatial distribution of newly identified GCs and candidates, overplotted on a stellar metallicity map from the PAndAS survey (Ibata et al., 2014) . Red and black dots represent bona fide GCs and candidates, respectively.
Updates to the Literature Sample
Except for candidates from the SDSS Sample, there are 355 known clusters and candidates from the Literature Sample. They mostly fall near the disk of M31, within a projected distance R p ă 30 kpc. Most of the sources are from the RBC. A couple of objects are recent discoveries from the Panchromatic Hubble Andromeda Treasury (PHAT) survey (Johnson et al., 2012) . Johnson et al. (2012) have recently published a catalog containing 601 'confirmed' clusters (noted as 'c') and 237 'probable' candidates (noted as 'p'). These clusters seem to be less massive than the typical GCs discussed in the current work (Johnson et al., 2012) . In our Literature Sample, there are 350 objects from the RBC and 5 objects from Johnson et al. (2012) , respectively. Given their closeness to the M31 disk, the SDSS images are not of much help for their identifications. We classify them based on the LAMOST spectra only. Some of the targets have spectra characteristic of, e.g. M-type stars, galaxies and H II regions, and are classified accordingly. If the spectrum has the characteristics of a GC and yields a radial velocity smaller thań 150 km s´1, the object is classified as a bona fide GC 296 objects with an original RBC class of 1 or 8 are classified as genuine clusters. These objects are listed in Table 6 . The radial velocities newly derived from our spectra, as well as original values from the RBC are listed in the Table. The spectra are all consistent of being GCs. The radial velocities ranging between´726 and 39 km s´1, which are inside the radial velocity range for possible M31 objects. The radial velocities are in good agreement with those from the RBC, with an average difference and scatter of V r´Vr,RBC "´11˘22 km s´1. 38 objects are classified as GC candidates in the RBC (class 2). We find that 3 have radial velocities V r ă´150 km s´1. They are classified as genuine GCs (class 1) in the current work. 11 candidates have large red-shifts and they are classified as background galaxies (class 4). One target shows strong narrow emission lines classic for H II regions (see the third example spectrum in Fig. 4 ). Its classification is modified to H II regions (class 5). The remaining candidates have radial velocities V r ą´150 km s´1 and show no obvious spectral features to help classify them. They could be GCs or foreground MW stars. We retain their classifications as candidate GCs (class 2). Morphological information could be quite helpful for more secure classifications. Two objects originally classified as stars in the RBC (class 6) show spectral features of H II regions and they are reclassified accordingly (class 5). LAMOST spectra of the newly confirmed GCs from the Literature Sample are plotted in Fig. 10 and updates to the classifications of objects from the RBC V5 are listed in Table 4 . The newly derived radial velocities (for background galaxies, their radial velocities are noted as "99999") , their original values from the RBC, and the new classifications are listed in the Table. In Table 4 we also list 3 targets from Johnson et al. (2012) classified by them as possible clusters. We find that one of them (PHAT1384) has a radial velocity of´284 km s´1, and is reclassified as bona fide cluster in the current work. The LAMOST spectrum of PHAT1384 is plotted in Fig. 10 . The remaining two candidates show spectral features characteristic of H II regions and are reclassified accordingly. Two objects from Johnson et al. (2012) , classified as clusters by them, have spectra compatible of being GCs and have radial velocities of´81 (PHAT224) and´119 km s´1 (PHAT1148). These two objects are listed in Table 6 as known clusters.
SUMMARY
We present a catalog of 908 targets observed as M31 GC candidates with LAMOST from September, 2011 to June, 2014. A summary of the catalog is presented in Table 5 . We have searched for distant clusters amongst targets selected from the SDSS photometry of non-stellar objects in the outer halos of M31 and M33. By combining information from the LAMOST spectra and morphological information from the SDSS images, we identified 5 bona fide GCs and 23 candidates, amongst them 25 are newly discoveries. One of the confirmed GC, LAMOST-2, falls in the halo of M33. Its radial velocity is compatible for being a M33 GC. The other newly discovered bona fide GC (LAMOST-1) falls on the Giant Stream with a projected distance of 78 kpc from M31. The newly identified GC candidates have a maximum projected distance of 265 kpc (LAMOST-C17) from M31. In addition, 218 background galaxies, 8 quasars, 1 white-dwarf-and-main-sequence-star binary, and 21 stars are identified amongst our targets. There are 277 objects exhibiting ambiguous radial velocities and spectral types and cannot be reliably classified as either M31 GCs or foreground MW stars. Images of better resolution than available from the SDSS may help classfy these objects.
We have also observed some known GCs and GC candidates selected from the literature. Lists of these objects are provided, including 298 previously known GCs and 32 candidates, containing newly derived radial velocities and updates to the classifications. We have also identified 4 candidates as bona fide M31 GCs based on the newly deduced radial velocities. The LAMOST observations of GCs and GC candidates provide us a great opportunity to study the GC system of M31. In the current work, 307 confirmed GCs observed by LAMOST are cataloged. The observations, combined with photometric data, yield information of the kinematics, chemistry and age. A full analysis of this data set will be presented in a separate paper. 
